INTRODUCTION {#sec1-1}
============

Ayurvedic medicine originated in India more than 2000 years ago and relies heavily on herbal medicine products (HMPs).\[[@ref1]\] Immuforte is a herbo-mineral ayurvedic product manufactured by Shree Dhootapapeshwar Limited. It will be used as an immuno-stimulant in human. It mainly contains Guduchi (*Tinospora cordifolia*) and Ashwagandha (*Withania somnifera*). Guduchi is widely used in ayurvedic medicine for its general tonic, anti-leprotic,\[[@ref2]\] anti-pyretic,\[[@ref3]\] anti-allergic,\[[@ref4]\] anti-inflammatory,\[[@ref5][@ref6]\] and anti-diabetic properties.\[[@ref7][@ref8][@ref9]\] It has been reported to benefit the immune system in a variety of ways.\[[@ref10][@ref11][@ref12]\] The experimental works on the alcoholic and aqueous extracts of Guduchi have shown significant immuno-modulatory activity.\[[@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19]\] Guduchi activates macrophages, which results in increased GM-CSF (Granulocyte-macrophage colony-stimulating factor), which leads to leukocytosis and improved neutrophil function.\[[@ref20]\] Immuforte is also fortified with sufficient quantity of Ashwagandha (*Withania somnifera*), a well-known therapeutic agent of the ayurvedic medicine. Ashwagandha has been used and proved for its effect as immunomodulator, anti-stress,\[[@ref21][@ref22]\] antioxidant activity.\[[@ref23][@ref24][@ref25]\] The Ashwagandha has been reported to exhibit its immuno-modulatory activity by mobilization and activation of peritoneal macrophages, phagocytosis, and increased activity of the lysosomal enzymes.\[[@ref26]\]

Apart from its main ingredients Guduchi and Ashwagandha, it also contains oxides of minerals like zinc and gold in the form of Jasada Bhasma (Zn) and Suvarna Bhasma (Gold). The ayurvedic system of medicine has mentioned the therapeutic potential of these metallic bhasma, and they are regularly utilized and consumed by large number of Indian population for the therapeutic ailment without any observed side-effects. Jasada Bhasma (incinerated zinc) increases strength and intellect.\[[@ref27]\] Suvarna Bhasma (incinerated gold) acts as immunomodulator, aphrodisiac and cardiac stimulant. It increases physical strength, complexion, intellect, and memory. It alleviates disorders caused by all the three vitiated *Doshas* and is used in the management of poisoning.\[[@ref27]\] Immuforte also contains Shuddha *Hingula*, which is an ore of mercury. The presence of the heavy metals in the ayurvedic preparations is always a point of concerns for its safety.\[[@ref28]\] Therefore, use of these products has been banned in the European countries. The ancient traditional methods for detoxification of the metals as mentioned in the ayurvedic texts has been carried out during the manufacture of Immuforte tablets, which includes multiple heating/cooling cycles along with addition of specific herbs. The present study was undertaken to assess proper detoxification of metals constituents of Immuforte and to determine target organ safety, establish relationship between dose or exposure and response and also to identify potential parameters for monitoring adverse effects in clinical studies.

MATERIALS AND METHODS {#sec1-2}
=====================

Materials {#sec2-1}
---------

Immuforte tablets of Batch number:-E-19 (Code No. IMFT-092) were obtained from Shree Dhootapapeshwar Limited, Arogya Mandir, Tilak Road, Panvel -- 410 206. The formulation in tablet form was stable at room temperature. All the other chemicals, reagents, and buffer solutions were of standard laboratory grade purchased from Sigma Aldrich.

Formulation of one Immuforte tablet is as follows:

![](TI-20-87-g001.jpg)

Methods {#sec2-2}
-------

### Dose preparation {#sec3-1}

**Dose selection and formulations preparation**:

The dose formulations were evaluated at the reported therapeutic dose (low dose), thrice the therapeutic dose (mid dose), and five times the therapeutic dose (high dose).

For administration in rats, each tablet was crushed to powder with the help of mortar and pestle and mixed with 0.02% gum acacia to obtain a uniform suspension for administration to rats. The dose suspensions were freshly prepared daily and used.

Animal care and animal husbandry {#sec2-3}
--------------------------------

The study protocol involving animals was reviewed and approved by the Institutional Animal Ethics Committee (IAEC) with a number NIRRH/IAEC/06-07 dated 27/09/2007 prior to the initiation of the study, and experiments were performed in accordance with the guidelines of the Committee for the Purpose of Control and Supervision of Experimental Animals (CPCSEA), India.

Healthy adult Holtzman rats of 8 to 10 weeks age were used for the study. The animals were bred on the premises of NIRRH and were housed in polypropylene cages containing autoclaved paddy husk with a maximum of three animals of same sex per cage. All animals were housed in an experimental room maintained at the temperature of 23 ± 1°C, humidity of 55 ± 5%, in a 14 hr light/10 h dark cycle. Throughout the study, the bedding material was changed twice weekly, all animals were provided with soy-free, in-house-prepared rat pellets (consisting of crude protein%, fiber%, and nitrogen-free extract) prepared at the institute and *ad libitum* filtered drinking water.

Test methodology {#sec2-4}
----------------

### Experimental design {#sec3-2}

A total of 40 males and 40 females were randomly assigned to the four groups, namely group I (vehicle control; gum acacia), group II (120 mg/kg BW of Immuforte in gum acacia), group III (360 mg/kg BW of Immuforte in gum acacia), and group IV (600 mg/kg BW of Immuforte in gum acacia) consisting of 10 males and 10 females in each group. Additionally, a recovery group (600 mg/kg BW of Immuforte in gum acacia) containing 5 males and 5 females was included
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All the animals belonging to control and treatment groups were gavaged with vehicle and test suspensions, respectively, consecutively for 90 days. All animals were sacrificed 24 h after the last dose of administration, except for the recovery group, which was sacrificed 15 days later.

During the treatment period, the animals were daily examined for avert clinical signs, morbidity, and mortality, if any. The body weight and food consumption were recorded weekly throughout the dosing period.

Clinical pathology {#sec2-5}
------------------

Hematology parameters like hemoglobin (Hb; g/dl), packed cell volume (PCV; %), total red blood cell count (RBC), total white blood cell count (WBC), absolute erythrocyte indices, differential WBC count, and blood biochemistry parameters like total protein, albumin, globulin, alanine aminotransferase, aspartate aminotransferase, cholesterol, alkaline phosphatase, glucose, creatinine, urea, uric acid, triglycerides, bilirubin (total and direct), calcium, and phosphorous were carried out.

Gross pathology, organ weight, and histopathology {#sec2-6}
-------------------------------------------------

After completion of dosing period, the animals were euthanized using CO~2~ chamber and necropsied for the gross evaluation of the various organs. The necropsy also included careful and consistent dissection of various target organs like heart, liver, spleen, kidneys, intestine and stomach, determination of absolute organ weight, and calculation of organ weight to body weight ratios (Percent Relative Organ Weight). Finally, the dissected tissues were fixed in 10% neutral buffered formalin, processed (Tissue processor Leica ASP300), and embedded (Paraffin Embedder Leica EG1150 H) in paraffin wax. Sections (5 μ) (Fully Automated Rotary Microtome Leica RM2255) of these tissues taken on glass-slides were stained using a combination of hematoxylin-eosin before observing under a microscope for histopathological evaluations.

Heavy metal analysis from blood samples {#sec2-7}
---------------------------------------

At the terminal sacrifice, blood samples were collected and analyzed for heavy metal estimation at Shree Dhootapapeshwar Ayurvedic Research Foundation (SDARF) using Atomic absorption spectrophotometer (AAS) for various heavy metals *viz*. lead (Pb), mercury (Hg), cadmium (Cd), and arsenic (As).

Statistical analysis {#sec2-8}
--------------------

For all the toxicological evaluations, the results of the treatment groups were compared with those of the control group. Data was expressed as mean ± S.D. and was analyzed by two-tailed Student\'s *t*-test. Differences were considered significant at *P* \< 0.05.

RESULTS {#sec1-3}
=======

Clinical signs, body weight, and food consumption {#sec2-9}
-------------------------------------------------

The treated animals did not exhibit any treatment-related adverse clinical signs; no significant differences were observed in body weights or food consumption compared with control group \[[Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\].

###### 

Mean of weekly feed intake (gms) values (Mean±SD), *n*=10, recovery group *n*=5
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![Average terminal body weight. The x-axis represents treatment groups and *y*-axis represents weight of the animals. Data represent the mean ± SD (*n*=10). C=Vehicle control, T1-120 mg/kg BW, T2-360 mg/kg BW, T3-600 mg/kg BW, TR=Recovery 600 mg/kg BW](TI-20-87-g004){#F1}

Clinical pathology {#sec2-10}
------------------

In males, a significant decrease in percent lymphocyte count in mid and high dose groups and increase in percent neutrophil count was observed in all treated group compared to control. This finding was same in recovery group \[[Table 2](#T2){ref-type="table"}\].

###### 

Average of hematological parameters \*significance 95% (*P*\<0.05), ↓significantly lower than control (*P*\<0.05), ↑significantly higher than control (*P*\<0.05), values (Mean±SD), *n*=10, recovery group *n*=5

![](TI-20-87-g005)

In females, MCV values in low dose (120 mg/kg BW) and mid dose (360 mg/kg BW) were significantly higher as compared to control (*P* \< 0.05). There was significant decrease in percent lymphocyte count (*P* \< 0.05) and increase in percent neutrophil count (*P* \< 0.05) of treated group as compared to control. This finding was same in recovery group.

In males, significant decrease in total protein, globulin, and chloride was observed in low and mid dose groups, significant decrease in direct bilirubin, creatinine, sodium, and potassium was observed in low dose group, albumin, significant decrease in AST, and cholesterol was observed in mid dose group compared to control group. Recovery group was well comparable with the control \[[Table 3](#T3){ref-type="table"}\].

###### 

Average of biochemical parameters \*significance 95% (*P*\<0.05), ↓significantly lower than control (*P*\<0.05), ↑significantly higher than control (*P*\<0.05), values (Mean±SD), *n*=10, recovery group *n*=5
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In females, significant decrease in total protein and globulin was observed in low dose and mid dose compared to control. In the present investigation, although some hematological and biochemical values were significantly different from that of control, these values were well within the normal range of historical control data.

Gross and histopathology {#sec2-11}
------------------------

In males, no significant difference was observed between absolute organ weights of treated groups and recovery group as compared to control group, except for low dose group; liver weight was increased (*P* \< 0.05) and adrenal weight was decreased (*P* \< 0.05) as compared to control. In females, there was no significant difference in absolute organ weight of treated groups and control group \[[Table 4](#T4){ref-type="table"}\].

###### 

Average body weight and absolute organ weight (gms) \*significance 95% (*P*\<0.05) ↓significantly lower than control (*P*\<0.05) ↑significantly higher than control (*P*\<0.05), values (Mean±SD), *n*=10, recovery group *n*=5
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In males, no significant difference was observed in relative organ weights of treated groups and recovery group as compared to control group, except for low dose; relative weight of liver was increased as compared to control group I. In females, there were no significant differences observed in relative organ weights of treated groups and control group \[[Table 5](#T5){ref-type="table"}\].

###### 

Average relative organ weight (%) \*significance 95% (*P*\<0.05) ↓significantly lower than control (*P*\<0.05), ↑significantly higher than control (*P*\<0.05), values (Mean±SD), *n*=10, recovery group *n*=5
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Post-necropsy revealed no dose-related toxicity lesions; though few incidental findings were seen during histopathology like hyperplasia of bronchial associated lymphoid tissue, emphysema in lungs, simple biliary cyst etc., were observed; these lesions were well comparable to the historical control data \[[Figure 2](#F2){ref-type="fig"}\].

![Histomorphology of: (a) liver (Vehicle control), (b) liver (600 mg/kg BW), (c) Thymus (Vehicle control), (d) Thymus (600 mg/kg BW), (e) kidney (Vehicle control), (f) kidney (600 mg/kg BW), (g) spleen (Vehicle control), (h) spleen (600 mg/kg BW), (i) lung (Vehicle control), (j) lung (600 mg/kg BW) The various organ sections were taken at 4-5 μm and stained with hematoxylin and eosin (×10). Cn=Congestion, Cv=Central Vein, Lf=Lymphoid follicle, Gm=Glomerulus, Tb=Tubule, A=Alveoli](TI-20-87-g009){#F2}

Heavy metal analysis from blood samples {#sec2-12}
---------------------------------------

Blood samples analyzed on AAS for heavy metals viz. lead (Pb), mercury (Hg), cadmium (Cd), and arsenic (As) did not show any detectable level.

DISCUSSION {#sec1-4}
==========

The study provided information on the possible toxic effects, indicate target organs and the possibility of accumulation, and a no-observed-adverse-effect level (NOEAL) of exposure, which is used in selecting dose levels for chronic studies and for establishing safety criteria for human exposure. The animals did not exhibit any treatment-related abnormal behavioral signs and symptoms. The observations indicated that long-term administration of the Immuforte had no adverse effects on the general health of the animals.

Amongst the clinical pathology observations, the hematology data is a direct reflection of the possible tissue injury caused by the test compound. For instance, increase in red blood cells reflects overproduction of these elements in response to tissue injury etc.\[[@ref29]\] Blood biochemistry parameters constitute yet another sensitive parameter of toxicity evaluation. For instance, changes in blood enzymes may be due to cellular/tissue injury leading to their systemic leakage from intracellular sites or target tissues. Similarly, manifestations of altered electrolyte levels are corollary to toxicity-associated conditions like renal dysfunction, dehydration, anorexia, cardiac toxicity, altered vascular permeability.\[[@ref29]\] In the present investigation, although some hematological and biochemical values were significantly different from that of control, all these values were well within the normal range of historical control data of the colony. Secondly, no dose-dependent changes were observed in these parameters, and also recovery group was well comparable to control group, thus the observed difference was due to biological variation and not due to test substance.

Absolute terminal organ weight and percent relative organ weight indicative of test compound caused changes in functioning of target organs, changes in phospholipids metabolism, over- or under- secretion of enzymes and hormones, hyper/hypoplasia, and possible tissue necrosis. There were no significant difference in absolute organ weights of treated group and recovery group as compared to control group. Although there was difference in some organ weights viz., liver and adrenals, these changes were not dose-dependent, so these could be considered as biological variation. Similarly, the gross and histopathology of various target organs like heart, liver, spleen, kidneys, intestine, and stomach, post-necropsy, revealed that the natural architecture of the various organs remained unaffected. Based on the findings of the study, 600 mg/kg was considered as NOAEL for 'Immuforte.' Blood samples analyzed on atomic absorbance spectrometer (AAS) for heavy metals viz., lead (Pb), mercury (Hg), cadmium (Cd), and arsenic (As) did not show any detectable levels in blood.

CONCLUSIONS {#sec1-5}
===========

It can be concluded that repeated administration of Immuforte for the period of 90 days did not showed any treatment-related adverse effect at the doses used in the study. Thus, Immuforte could be used safely for therapeutic use in humans.
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